Abstract-Due to large peak-to-average power ratio (PAPR) at the time domain OFDM signal, various peak signal reduction methods for OFDM systems have been proposed. However, in a transmit OFDM beamforming, multiplication of the transmit signal using the weights causes transmit power imbalance between antennas and increases peak signal. We propose two approaches to mitigate these problems. Adding the pseudonoise to covariance matrix at the process of weight calculation can alleviate the transmit power imbalance. Furthermore, the companding transform of time domain signal can reduce the peak signals. We show details of proposed methods and evaluate PAPR and BER performance.
I. INTRODUCTION
Orthogonal frequency division multiplexing (OFDM) can achieve a high data transmission rate by use of orthogonal subcarriers [1] . It is adopted in fourth generation (4G) mobile communication systems instead of code division multiple access (CDMA) as third generation (3G) technique. Since OFDM causes a high peak-to-average power ratio (PAPR) problem due to multiple subcarrier modulation, variety of solutions such as clipping and filtering [2] , block coding [3] and digital predistortion (DPD) [4] have been proposed. However, in the transmit beamforming OFDM system, the peak signal is increased by the beamformer weights. The conventional schemes of PAPR reduction have the drawbacks in terms of the the nonlinear process, transmission efficiency and calculation amount. In addition, weighting processing leads to the transmit signal power imbalance among the antennas of array and the PAPR reduction methods are ineffective in this problem.
In this paper, we propose two approaches for mitigating the power imbalance of the transmit signals and peak signal. As the method of the former, the operation of the noise cancellation in the adaptive array based on minimum mean square (MMSE) is applied for adjusting the magnitude of weights. In a MMSE adaptive receiver, the received noise intensity in each antenna affects the absolute value of weight. Ignoring the interference signals, the weight of each antenna is in almost inverse proportion to the intensity of arriving noise. Utilizing this operation, the weight power imbalance can be reduced by adding pseudo-noise to the samples for weight calculation. Concerning the latter method, PAPR value can be mitigated by using the companding transform [5] . Applying the companding function to the transmit time domain signal enables to reduce the peak signals. In the companding transform, the large signal amplitudes are compressed and the small signal amplitudes are expanded. At the receiver, the distortion of transmit signal given by companding can be removed by the inverse of companding function. This method can be implemented with the simple operation. Furthermore, since the beamforming can suppress the interference of multipath waves, BER deterioration in inverse transformation of companding can be reduced. Therefore, the companding transform is suitable to beamforming OFDM systems. This paper is organized as follows. The conventional beamforming system based on MMSE and the weight calculation algorithm are described in section II. In section III, we refer to PAPR problem of beamforming OFDM system. In section IV, our proposed schemes are represented. In section V, we show the simulation results. Finally, the conclusion is given in section VI.
II. CONVENTIONAL ADAPTIVE ARRAY BASED ON MMSE
Concerning the receive beamforming system, the weight is computed in the following way. The received signals for the N a elements array antenna are represented by the signal vector
T where the superscript T denotes transpose. The output of the array is written as
where w is the complex weight vector expressed as w = [w 1 , · · · , w Na ] T . The superscript H is the conjugate transpose operator. The optimum weight is given by
that is known as the Wiener solution. The array covariance matrix R xx and the signal correlation vector r xd are respectively represented by
where d(t) is the reference signal and the superscript * expresses the conjugate operator. The calculated weight in the receive beamforming can also be diverted into the transmit beamforming.
The sample matrix inversion (SMI) method is the typical weight calculation algorithm. SMI algorithm employs the direct estimation of the Wiener solution [6] . Though it can get rapid convergence rate, the inverse matrix operation in each subcarrier causes a high computational complexity in OFDM system. In addition, SMI algorithm with common correlation matrix (CCM-SMI) achieves lower complexity of weight calculation than SMI algorithm [7] . Due to using the time domain signal for the covariance matrix estimation instead of the frequency signal, the inverse matrix operation of covariance matrix can be implemented at once along the entire subcarriers.
III. PAPR PROBLEM OF BEAMFORMING OFDM SYSTEM
In the transmit beamforming OFDM system, the peak signal is emphasized by the weighted transmit signal power imbalance among the antennas of array as shown in Fig. 1 . In this case, some transmit signals might be shown extremely large peaks. It means some transmit signals are required a large back-off. Therefore, the amplifier shows deterioration of efficiency. To solve this problem, uniformizing the absolute value of the weights is required without the deterioration in the beam steering. Additionally, the peak signal grows in the case of a specific phase relation between the weight and time domain signal before weighting operation. Therefore, it is necessary to deal with these problems at the same time.
IV. PROPOSED PAPR REDUCTION SCHEMES
In the following, we indicate the proposed schemes for above mentioned problems. Firstly, the iterative method adjusting the absolute weight values with pseudo-noise is described in subsection IV.A. Secondly, the peak reduction method using the companding transform is described in subsection IV.B. It is possible to apply the proposed methods simultaneously to the adaptive array.
A. Pseudo-noise addition to covariance matrix
The covariance matrix represented in Eq. (3) consists of the autocorrelation of the desired signal, the interference signal and the noise component. Consequently, the covariance matrix R xx is formulated as where R dd , R ii and R nn denotes the autocorrelation of the desired signal, the interferences and the noise entering into the array, respectively. Since these elements constituting the signal sample x(t) are uncorrelated with each other, the crosscorrelation matrix among the different elements is not included in the covariance matrix R xx . The autocorrelation matrix R nn becomes the diagonal matrix due to the independence of noise in each antenna. From this reason, Eq. (2) can be rewritten by ignoring the desired and interference signals,
where σ i represents the dispersion value of the noise for the i-th antenna and r xd = [r 1 , · · · , r Na ] T is the correlation vector. Therefore, the absolute values of the weights are inversely proportional to each noise power. Actually, though the inverse proportional relationship is not fully satisfied due to the covariance matrix includes the desired and interference signals, the relations between absolute values of the weights and the noise power comes to the same to some extent. In our proposed system, this characteristic is utilized to reduce the imbalance between the absolute values of the weight. Adding the pseudo-noise to the covariance matrix in the weight calculation process can reduce the transmit power imbalance. The noise element with the additional pseudo-noise of the covariance matrix is denoted bȳ
where σ ′ i is the additional pseudo-noise corresponding to the ith antenna. The pseudo-noise is adjusted to make the absolute weight values uniform without deteriorating the accuracy of the beam and null steering as much as possible. Since it is difficult to calculate the optimum value of the pseudo-noise directly, the iterative algorithm for estimating the optimum pseudo-noise power is adopted in the proposed system.
The flowchart of the iterative algorithm is shown in Fig.  2 . This algorithm is applicable to the weight calculation algorithm with the direct estimation of the Wiener solution such as SMI and CCM-SMI. First of all, the weight calculation based on the Wiener solution is implemented. Then the weight with the largest absolute value is detected and the index of its weight is denoted by M at the top block of the left side in Fig. 2 . In the next block, the ratio between the maximum absolute value and the average value of the weight vector is calculated and assigned to p with a decibel unit. If the maximum to average ratio p is larger than the threshold p th , the pseudo-noise is added to the element of the covariance matrix correspond toR M,M . Therefore, the weight with maximum absolute value can be suppressed. This serial processing is performed until p becomes smaller than the threshold p th . In this repetition operation, the pseudo-noise is given by the arbitrary constant α and the maximum to average ratio p with the antilogarithm instead of just a constant value. With increasing the difference between p and p th , the pseudonoise is also increased. This operation can reduce the iteration time until p reaches the threshold p th . On the other hand, in order to reduce the computational complexity, the matrix inversion lemma is utilized in adding the pseudo-noise to the covariance matrix. The pseudo-noise addition with the matrix inversion lemma is represented by
where
(8), the matrix σ ′ σ ′H is the pseudo-noise added to the covariance matrixR M,M . By using the matrix inversion lemma, updating the covariance matrix without the any inverse matrix calculation while the iteration processing.
As a result, the imbalance of absolute weight values can be reduced. On the other hand, adding the pseudo-noise to the covariance matrix degrade the accuracy of the beam and null steering. However, adjusting the threshold value p th can arbitrarily modify the deterioration of beam and null steering accuracy.
B. Companding transform
The companding transform is a kind of the nonlinear operation for compressing the large values and expand the small values. In this paper, this operation is implemented with the companding function given by
where the arbitrary constants k and B determine the saturation value of the output amplitude and the inclination in the vicinity of an origin point, respectively. Applying the companding function to the transmit time domain signal, the peak signal can be reduced. On the other hand, for equalizing the average power of companding transformed signal to the time domain signal before companding transform is implemented as below,
where s(t) is the time domain signal before the companding transform in the time t.
In the receiver, the generated distortion due to the companding transform can be restored by using the inverse of the companding function denoted by
The excessive compression leads to the inaccuracy of the restoration by the inverse companding function. In order to achieve both the peak reduction and the smallness of the distortion remained at the restoration operation, the arbitrary constants k and B have to be accommodated. The proposed beamforming OFDM system with the companding transform is described as follows. In the transmitter, the frequency domain signal is applied to the inverse fast Fourier transform (IFFT) and companding function before the weighting operation. The companding transformed signal is converted to the frequency domain signal by the fast Fourier transform processing (FFT). The converted frequency domain signal is weighted in each array antenna like the conventional beamforming technique. The transmit signals for all the users are converted to the time domain signal by the IFFT operation. The received time domain signal is restored by the inverse of the companding function in the receiver. This proposed system can be operated with the simple processing and reduce the distortion of the signal due to the inverse of companding function. Table I shows the simulation parameters. In this simulation, 4 users with the 8-element linear array are assumed since the PAPR problem of the transmit beamforming becomes prominent when the number of users is less than that of array elements. The directions of users are shown in Fig.3 . The desired user and undesired users are fixed in the front direction of the array antenna. The desired user is indicated by the user 3. On the other hand, the distance between each user and the base station is equal. Due to the small amount of calculation, CCM-SMI algorithm is utilized to calculate the beamformer weights. Incidentally, it is necessary to evaluate the method of peak reduction throughout the antennas of the array. Therefore, in this paper, PAPR is defined as P AP R = P max /P ave where P max is the maximum peak power among the all antennas of the array and P ave is the average power throughout the all antennas. Due to this definition, the peak power coupled with the transmit power imbalance of the array antenna can be measured. Fig. 4 shows the BER performance of CCM-SMI, the proposed transmit power imbalance reduction method, proposed peak reduction method and the proposed both combination for 3 users considering the nonlinearity of the power amplifier. As compared with the conventional CCM-SMI, the proposed both combination can attain the lower BER between Eb/N 0 of 20 to 30. In addition, Fig. 5 shows the PAPR performance of CCM-SMI, the proposed peak reduction method, the proposed transmit power imbalance reduction method and the proposed both combination for Eb/N 0 of 20 dB. The combination of the proposed both combination gains the PAPR of about 4.3 dB as compared with the conventional CCM-SMI. Therefore, these proposed methods is effective against the PAPR issue of beamforming technique. 
V. SIMULATION RESULTS

VI. CONCLUSION
The performance of the beamforming technique with the companding transform and iterative method of transmit power imbalance reduction has been simulated. According to the simulation results, the BER and PAPR performance is improved due to combining the companding transform and the iterative method. Particularly, the combination of proposed schemes can achieve about 4.3 dB gains at the probability of 10 
